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We, Zahnradfabrik Friedrichs- 
hapen Aktibngbsellschaft, of Fried- 
riehsh^en-on--the-Bodensee, Germany, a 
Joint-Stock Company incorporated under 
German law, do hereby declare the in- 
vention, for which we pray that a patent 
may be gTanted to us, and the method 
by which it is to be performed, to be 
particularly described in and by the 
following statement: — 

This invention relates to an improved 
power transmission device for motor 
vehicles and consisting of a hydraulic 
transmission (torque converter) combined 
with a spur wheel change-speed gear 
equipped for more than two forward gear 
speeds and having- coaxial main shafts 
and a countershaft parallel thereto, 
wherein the shaft connected to the tur- 
bine wheel of the converter is constructed 
as a hollow shaft and surrounds the g'ear 
input shaft, and non-positive gear shift 
clutches incorporated between the wheel 
pairs for the purpose of producing the 
different speeds both in individual gear 
stages with the use of the hydraulic 
transmission and in individual gear 
stages of the stepwise shifted gear alone 
while the hydraulic transmission is dis- 
connected. m . . 

Power transmission devices nitlierto 
disclosed for motor vehicles, having hy- 
draulic transmissions (converters) pro- 
vided for individual gear m speeds, 
generally constitute only special con- 
structions which usually are complicated 
and therefore expensive. The driving and 
driven shafts in known gears are in some 
cases offset with respect to one another. 
Even for simple requirements, i.e., for 
onlv a few forward speeds, known gears 
still contain too many individual parts. 
Both in extraneous power transmission 
devices for obtaining, for example, only 
two forward speed stages, and in devices 
for four forward Bpeeds, a relatively 
large number of clutches have hitherto 
been provided, namely, in addition to 
one clutch for each of the various gear 
IPrice 2s. 8d.] 



speeds, at least one separate clutch is 
required for bridging the pump wheel 
shaft and turbine wheel shaft. In some 
prior consructions even a larger number 
of clutches was provided. When use is 
made of planet wheel gears there are, in 
addition to the actual gear shift clutches 
also the brakes, which in this case must 
perform the same task as in shift clutches 
or other clutches. In known gears the 
bridging clutch is also necessary, which 
is generally provided as an attachment 
to the torque converter; on occasion a 
clutch of this type was incorporated at 
the output end of the g'ear. 

In all constructions of gear disclosed 
hitherto the number of clutches used 
was always greater than that of the speed 
stages provided. 

In contradistinction to the foregoing 
proposals, the present invention aims at 
simplification of the transmission by 
obviating any additional clutches, apart 
from the actual gear shift clutches. # In 
principle, the; simplification is obtained 
by combining with the hydraulic trans- 
mission (converter) a multi-speed step 
gear, which is in itself of normal con- 
sruction, while the dimensions, and par- 
ticularly the structural length of the 
gear, remain within normal limits. 
Furthermore, all complicated construc- 
tions are avoided, which in addition to 
tLe purely technical advantages also 
affords an economic advantage. 

To this end, in accordance with the 
present invention the gear input shaft 
and the turbine wheel hollow shaft are 
each in operative connection with one of 
the non-positive gear shift clutches 
situated inside the gear, and through the 
operation of which the gear input shaft 
is coupled in each case to the turbine 
wheel shaft and thus only gear shift 
clutches are used for connecting and dis- 
connecting the hydraulic transmission, 
without additional clutches being re- 
quired. 

In order to establish the connection be- 
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tween the pump wheel shaft and the 
turbine shaft, either a gear shift clutch 
of the countershaft or a gear shift clutch 
of the main gear shaft can be provided. 

5 In order that the invention may be 
more readily understood, reference is 
made to the accompanying drawings 
which, illustrate diagram m atically and 
by way of example three embodiments of 

10 transmission device according to the in- 
vention, together with diagrams depict- 
ing passage through the individual gear 
speeds with and without the use of the 
torque converter, and in which : — 

15 Figure 1 shows a fluid gear acting as 
torque converter, and associated there- 
with a changespeed gear furnished with 
non-positive, preferably friction clutches 
in a multi-group construction, for the 

20 purpose of obtaining four forward 
speeds. This installation is particularly 
suitable for omnibuses. Associated with 
Figure 1 is a diagram indicating the 
power flow or path through the gear box 

25 in the normal gear speeds and for two 
further gear speeds with converter opera- 
tion; 

Figure 2 shows the lines of tractive 
force of such a. gear and the resulting 

30 torque increase for selected speeds of the 
transmission ; 

Figure 3 shows . another embodiment 
of transmission and the appertaining 
diagram shows the power* flow or path 

35 through the various gear speeds with and 
without the use of the torque converter; 
and 

Figure 4 is modification of the em- 
bodiment of Fig. 1 with its appertaining 

40 diagram. 

Referring to Figure 1, the engine 
shaft M has keyed on to it the pump 
wheel P of a fluid gear constituting a 
torque converter and a wheel 1 (on the 

45 engine side) of a pair of wheels 1,2 for 
transmission without the converter. 
Following the wheel 1 is a shift clutch 
4, 5, one part 5 of which is mounted on 
a shaft part 7, which also carries a fixed 

50 wheel S and one half 10 of a shift clutch 
10, 11. The other half 11 of the latter 
shift clutch is mounted fast on. a trans- 
mission shaft 12, which also carries a 
wheel 17. The turbine wheel T of the 

55 converter carries a wheel 16 (on the 
engine side) of a second pair of wheels 
15, 16, for transmission with the con- 
verter, with the interposition of a one- 
way clutch 18 (freewheel) and a hollow 

60 shaft 19. The co-acting wheel 15 is 
mounted on a countershaft 20. Keyed to 
the shaft 20 is a wheel 21 coacting with 
the wheel 8 of the main shaft train and 
in addition the halves 23 and 24 of each 

65 of two shift clutches 22, 23 and 24, 25. 



The shift clutch half 22 is combined 
with the co-acting wheel 2 of the first 
pair of wheels. The shift clutch half 25 
is mounted on a countershaft 26, which 
carries keyed on it a wheel 27 coacting 70 
with the wheel 17 of the shaft 12 on the 
transmission side. The guide wheel Lr of 
the converter is mounted in the station- 
ary housing with the mterpo&ition of an 
overrunning clutch 28 (free-wheel). In 75 
accordance with this embodiment of the 
propulsion plant with stepwise shifted 
gear in the multi-group type of con- 
struction, it is possible to accommodate 
the gear shift clutches 4, 5 and 22, 23 in 80 
such a manner as to save space, so that 
the gear is of particularly compact con- 
struction. 

If. it is desired to run without using 
the converter, the shift clutch 22, 23 is 85 
closed, so that the shaft 19 of the tur- " 
bine wheel T is coupled to the engine or 
pump shaft M which carries the wheel 
1. Power is therefore transmitted from 
the engine direct to both the clutch part 90 
4 and to the countershaft 20, without 
using the torque converter. Since no 
counter-torque is then applied to the 
guide wheel L, the latter can freely turn 
in consequence of its mounting on the 95 
stationary housing, through "the free- "" 
wheel 23. In the second and third gear 
speeds the hollow shaft 19 is turned 
more quickly, through the pair of wheels 
8, 21, than the engine shaft, in con- 100 
sequence of the presence of the freewheel **' 
18. The turbine wheel T is merely driven 
by the flow of fluid, while its speed is 
reduced and approximately equals the 
speed of the engine or pump wheel. 105 

Figure 2 shows the tractive force dia- " 
gram of a converter gear of this type. 
On the left, vertically, are indicated the 
values of the torque Mt of the trans- 
mission shaft, while horizontally are 110 
shown the speed values n* of the trans- * 
mission shaft. Wi is the ideal line of 
tractive force of a converter with 100% 
efficiency, and IW and IIIW are its 
actual lines of tractive force when using 115 
the first and third gear speeds. The dia- " 
grams of the various gear speeds are 
designated by I, II, III, and IV. 

In the embodiment illustrated in 
Figure 3, the turbine part T is mounted 120" ~ 
on a hollow shaft 3d, with the inter- 
position of an overrunning clutch 30. 
Keyed to the hollow shaft 31 is a gear 
wheel 32 and one part 33 of a double 
shift clutch 33, 34, 35. A wheel 36 co* 125 
acting with the wheel 32 is mounted on 
a countershaft 37, which has also keyed 
to it a wheel - 38 and one half 40 of a 
shift clutch 40, 41. The other half 41 of 
this shift clutch is fast on a shaft 43 130 
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together with a wheel 42. The centre 
part 34 of the double clutch 33, 34, 3o is 
secured on the engine shaft M, which 
carries the pump part P of the converter. 

5 The clutch part 35 is mounted, together 
with a wheel 45 and one half 46 of a 
clutch 46, 47, on a shaft 48. The clutch 
half 47 is keyed to the transmission 
shaft 49, which also carries a wheel 50. 

10 The construction illustrated in Figure* 3 
permits one pair of wheels to be saved 
Here the engine or pump shaft M and 
the hollow- shaft 31 are short-circuated 
by operating the clutch 33, 34. Other- 

15 wise, the mode of operation is exactly as 
in the case of the example illustrated in 
Figure 1. The guide wheel Ii of the con- 
verter is mounted in the stationary 
housing with the interposition of a free- 

20 wheel coupling 52. 

Advantageously, certain structural 
alterations modifications may be made m 
the arrangement according to Fig. 1 in 
order to compensate for the slip which 

25 experience has shown is produced when 
driving the stepwise shifted gear through 
the converter, and as a consequence of 
which the maximum speed at any given 
moment of the turbine wheel does not 

30 quite reach the speed of the pump wheel 
under load. To this end, according to a 
feature of the invention this compensa- 
tion is reudered possible by correction ot 
ihe "ear ratio in the transmission from 

35 the converter output to the gear input 
shaft, the gear wheels participating 
being of such dimensions that the dif- 
ference between the gear ratios in the 
transmission from the turbine wheel to 

40 the stepwise shifted gear and m the trans- 
mission from the engine (pump wheel) 
to the stepwise shifted gear corresponds 
entirely or substantially to the above- 
mentioned slip between the turbine wheel 

45 at maximum speed and full load and the 
pump wheel. The effect is thus achieved 
that the maximum full load speeds of 
the output shaft of the gear when 
operating with the aid of the converter 

50 are equal to the speeds in operation when 
the converter is not used. 

By bringing the converter into opera- 
tion, the input torque of the stepwise 
shifted gear is brought to a multiple of 

55 the eng ine torque. In order then to avoid 
the larger and heavier construction cor- 



responding to the higher torque, the 
stepwise shifted gear of the present in- 
vention is built as a so-called overdrive 
construction, the ratios in the stepwise 
shifted gear all being reduced by one 
stage jump, while in the transmission of 
torque to the vehicle wheel axle the ratio 
is increased by the above-mentioned 
stage jump. In the four-speed gear con- 
struction illustrated in figure 1, for 
example, the values 4> _1 , 0°, <f> 2 would be 
provided instead of the values tf* 1 , <p°, ^ 
for th^e ratios of the three pairs of wheels 
to be driven direct by the engine. In 
order to prevent the pinion of the last 
pair of wheels (with the ratio <p 2 ) from 
receiving too high a speed of rotation, 
according to the invention the three 
values are so altered, while retaining the 
total ratios, such that the value for the 
last pair of wheels becomes smaller than 
4> 2 ; for example the values are fixed at 

Figure 4 illustrates an embodiment of 
such an arrangement. It shows a four- 
speed gear, iu which the gear wheels of 
the various gear stages appear in the 
correct dimensional proportions to one 
another. 

The pump wheel P and the pinion 1 
are driven by the engine (not shown), 
and the turbine wheel - N T is also driven 
from the pump wheel P through the 
guide wheel L. The turbine wheel T 
drives, the pinion 16 through the free- 
wheel 18. At full load and maximum 
speed n x of the engine, the speed n x of 
the turbine wheel is smaller than the 
engine speed n x by a determined amount. 
Slip thus occurs. When the pinion 1 is 
driven directly, it runs at the engine 
speed n-i. The transmission ratios of the 
wheel pairs 1, 2 and 16, lb are accord- 
ing to the invention so adjusted that the 
difference between n x and n x is balanced 
and the output speeds in the correspond- 
ing gears I without converter and I with 
converter, or III without converter and 
III with converter, are in each case 
equal 1 . 

With normal graduation of the indivi- 
dual gear stages I, II, III, IV, with the 
stage jump (greater than 1) and direct 
drive in the fourth speed, the graduation 
in the various gear speeds would be : — 



115 



First gear speed, transmission ratio n 1 /n I =0 n . 
Second gear speed, transmission ratio njnj^^ 3 
Third gear speed, transmission ratio iii^Dm^ 
Fourth gear speed, transmission ratio n 1 /n IT = 4>° = l. 
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Thus the individual wheel pairs have 
the transmission ratios: — <j>° andi <P Z . 
According to the invention the stage 



jump should for example be reduced by 
f in each gear speed, so that for the 
individual force paths diagrammatically 
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illustrated in Fig\ 4 t]ie following trans- 
mission ratios are obtained : — 

First gear speed: ni/n^^r : 
Second gear speed ; ni/n^^^ 
Third g-ear speed; n 1 /iii II =^ 0 =i . . 
Fourth gear speed : n x / n IV =^ 1 = 1 14 

Hence the direct drive thus occurs in 
the third g-ear speed. The fourth g*ear 
speed gives a step-up ratio. By increas- 
ing* the ratio at the wheel axle of the 
vehicle by- the stage jump, the original 
transmission ratios ^>V f , and 4>° are. 
once again obtained, . 

In order to avoid too high speeds of 
the pinion 27 in the. fourth gear speedy 
the exponent of the stage jump for the 



wheel pair 17, .27 is reduced in relation 
to the exponent of the! maximum, trans- 
mission stage of the gear, for example to 
1£, Jn order to retain the above-indicated 
total ratios in the individual gear stages, 
the wheel pairs of the stepwise shifted 
gear are constructed with the following 
transmission ratios in the exemplified 
embodiment illustrated : — 

Transmission Ratio 



Wheel pair 1, 2 
Wheel pair 8, 21 
Wheel pair 17, 27 



or 



20 



25 



The gear speeds of the stepwise shifted 30 
gear are then disposed as follows : 



35 



40 



drear 
speed 


Wheel 
pairs 


Clutches 


Stage jump of 
wheel pairs 


Total 
transmission 
ratio. 


I 


8, 21; 27/17 


4 a nd 25 


■<t>+h ' 


.** 


II 


1, 2; 27, 17 


22 and 25 






III 


direct 


4 and 10 






IV 


1, 2; 21, 8 


22 a nd 10 




r 1 



Thus with the reduced exponents the 
same total transmission ratios are ob- 
tained in the individual gear speeds, as 

45 with the original exponents. The wheel 
pair 8, 21 is used twice, namely in the 
hist gear speed with the stage jump <f> +1 * 
and in the fourth gear speed with the 
stage jump <f~ h -. - 

50 What we claim is : -7 

- 1. A power transmission device for 
motor vehicles, comprising a hydraulic 
transmission (torque converter) com- 
bined with a spur wheel change-speed 

55 gear equipped for more than two forward 
gear speeds and having coaxial .main 
shafts and a conintershaft parallel there- 
to, wherein the shaft connected to the 
turbine wheel of the converter is con- 

60 structed as a hollow shaft and simrounds 
the gear input shaft, and non-positive 
gear shift clutches incorporated between 
the wheel pairs for the purpose of pro- 
ducing the different speeds both! in indi- 

65 vidua! gear stages with : the use of the 
hydraulic transmission and in individual 
gear stages of the. ; stepwise shifted gear 
alone while the hydraulic transmission is 
disconnected, characterised, in that the 

70 gear input shaft and the turbine wheel 
hollow shaft are each in operative con- 



nection with one of the non-positive gear 
shift clutches situated inside the gear, 
and through the operation of which the 
gear input shaft is coupled in each case 75 
to the turbine wheel shaft and thus only 
gear shift clutches are used for connect- 
ing and disconnecting the hydraulic 
transmission, without additional clutches 
being required. 80 

2. Device as claimed . in Claim 1, 
wherein one gear shift clutch of "the 
countershaft is provided for establishing 
connection between the pump wheel 
shaft and the turbine shaft, the two 85 
clutch halves being each connected 
through a pair of gear wheels to the gear 
input shaft and to the turbine shaft, 
respectively. 

3. Device as claimed in Claim I, 90 
wherein one gear shift clutch of the 
main gear shaft is provided for estab- 
lishing connection between the pump 
wheel shaft and "the turbine shaft. 

4. Device as claimed in Claims 1 and 95 
2, wherein for the purpose of compensat- 
ing for speed slip between the turbine 
wheel and the pump wheel of the con- 
verter in the stepped gear, the trans- 
mitting gearwheels are of such dim en- 100 
sions thai the difference between the gear 
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ratios in the transmission of power from 
the turbine wheel to the stepwise shifted 
gear and in the transmission of power 
from the pinup wheel (engine) to the 

5 stepwise shifted, gear corresponds entirely 
or approximately to the above-mentioned 
difference in speed (slip) between the 
turbine wheel and the pump wheel. 
5. Device as claimed in any of Claims 

10 1 to 4, wherein for the purpose of reduc- 
ing the gear load and hence reducing 
the over-all dimensions, the stepwise 
shifted gear is constructed as a group 
gear of the overdrive type. 

15 6. Device as claimed in any of Claims 
1 to 5, characterised in that, in order to 
avoid too high speeds of the smallest 
countershaft wheel the exponent of the 
ratio of the pair of wheels enclosing this 

20 countershaft wheel is reduced, while re- 
taining the gear ratios, in relation to 
the exponent of the maximum ratio of 
the stepwise shifted g-ear. 

7. Device as claimed in Claim 6, hav- 

25 ing- a stepwise shifted gear of the over- 



drive type, with three pairs of wheels, 
wherein while retaining the overall 
ratios, the ratio for the last pair of 
wheels is selected to be smaller than # 2 
and for example the values $> +1 * 30 

are fixed for the three pairs of wheels, 
so that in the case of the exponents of 
the first and second values the total 
equals - 1, and in the case of the ex- 
ponents of the first and third values the 35 
total =1, while the total of the positive 
exponent of the second pair of wheels 
and the exponent of the third pair of 
wheels =2. 

8. The power transmission device for 40 
motor vehicles constructed, arranged and 
adapted to operate, substantially as 
herein described and with reference to 
the accompanying drawings. 

H. A. Lr. VBNNEB, 
Chartered Patent Agent, 
1, Great James St., Bedford Bow, 
London, W.C.I, 
Agent for the Applicants. 
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